IntrODuCtIOn
Infections with Mycobacterium avium ssp. paratuberculosis (MAP) cause significant losses to the dairy industry, primarily because of reduced milk production and premature culling (Ott et al., 1999) . Breaking transmission routes appears to be the most cost-effective option for reducing the prevalence of MAP infection in a herd (Groenendaal et al., 2002; Kudahl et al., 2007) . Young calves are considered to be more susceptible to infection than older calves (Taylor, 1953) , but adult cows can also be infected (Doyle, 1953) . Transmission occurs primarily via transmission in utero (Whittington and Windsor, 2007) or via ingestion of MAP. The latter occurs after contamination of the environment of the calves or ingestion of MAP shed in milk (reviewed in Sweeney, 1996) .
Multiple management-related risk factors for infection with MAP have been identified, such as housing in bed stalls instead of tie stalls, poor hygiene standards in the feeding area of calving pens, low amounts of straw in the calving area, high animal density among young stock (Nielsen and Toft, 2007) , manure buildup in calving areas (Johnson-Ifearulundu and Kaneene, 1998; Berghaus et al., 2005) , and being born to a seropositive dam (Aly and Thurmond, 2005) . In addition to excretion in feces, MAP can also be excreted in colostrum and milk (Alexejeff-Goloff, 1929; Taylor et al., 1981; Sweeney et al., 1992; Streeter et al., 1995) . However, excretion appears to be correlated with stage of infection (Sweeney et al., 1992) , and only a few infected cows would be expected to shed MAP in milk in the early stages of infection. It is also possible that milk can be contaminated with feces containing MAP or that teats can be contaminated with MAP, and a calf may then ingest MAP at milk feeding without MAP actually being excreted in the milk (Sweeney, 1996) . Although milk is a putative risk factor, feeding of milk to susceptible calves may not result in an increased risk of infection.
Calves are fed colostrum during the first days of life to obtain IgG antibodies from their dams. Subsequently, they may either be fed milk replacer, waste milk from cows with high concentrations of SCC, milk containing antibiotics, or bulk tank milk, or they may suckle with foster cows. Milk containing antibiotic residues cannot be used for human consumption, and milk from cows with high SCC are often withheld from the bulk tank milk, because bulk tank milk with >400,000 cells/mL cannot be delivered to dairies in the European Union (European Economic Community, 1992) . Therefore, such waste milk is often pooled and used for calves. In 26 Danish dairy herds, cows with antibodies to MAP often had high SCC (Baptista et al., 2008) , and antibodies to MAP are an indicator of shedding of MAP in feces (Nielsen and Toft, 2006) . If milk from MAP-infected cows is an important risk factor, use of milk with high SCC concentrations may have a major effect on the spread of MAP. In addition, the use of pooled milk or colostrum potentially increases the number of infectious animals contributing MAP to a batch of milk, and therefore the risk of transmitting MAP to more calves. Our objective was to determine, in a population-based study, the effect of milk and colostrum source fed to calves on the future risk of developing antibodies to MAP.
materIaLS anD metHODS

Study Design and Data Collection
A voluntary control program on paratuberculosis for dairy cattle was established in Denmark in February 2006 (Nielsen, 2007) . Participating herds are expected to conduct 4 annual ELISA tests of all lactating animals, and 1,050 (19%) of the 5,387 dairy herds in Denmark were registered in the program as of February 1, 2007.
A one-page questionnaire was sent to the managers of 1,050 herds in March 2007, and a reminder was sent 1 mo later to those that had not responded. In the questionnaire, the herd manager was asked the following questions:
1. Has vaccination against paratuberculosis been conducted in the past 8 yr? 2. State the period for which you have knowledge of the milk-feeding practices in the herd. 3. What source of colostrum was used for heifer calves? Options: 1) from own dam; 2) pooled from several dams; 3) combinations of 1 and 2. 4. What type of milk was used for heifer calves after the colostrum period? Options: 1) milk replacer; 2) bulk tank milk; 3) pooled milk from cows with high SCC; 4) bulk tank milk if insufficient milk from cows with high SCC; 5) calves with foster cows.
For each question, the herd manager should indicate the period during which the practice was performed. The semesters were January to June 1999, July to December 1999, January to June 2000, and so on to July to December 2006.
Additional information regarding vaccination was also obtained from the Veterinary Food Administration (Mørkhøj, Denmark), which issues vaccination permissions, and from the National Veterinary Institute (Copenhagen, Denmark), which sells the vaccines. Vaccinated herds were excluded from the study, because vaccination can result in antibodies, which are not caused by natural MAP infection.
Information regarding MAP antibody ELISA results, date of birth, herd of birth of animals, and geometric mean SCC (Herd gSCC) and geometric mean bacterial count (Herd gBC) of bulk tank milk samples was obtained from the Danish Cattle Database. For each animal, the types of colostrum and milk it had received were based on the date of birth, the herd of birth, and the data from the questionnaire for each herd. Animals born in herds for which questionnaire data did not exist were excluded.
Paratuberculosis Diagnosis
Mycobacterium avium ssp. paratuberculosis antibody ELISA results in the Danish Cattle Database are based on milk samples from the Danish milk recording system, tested by using an in-house ELISA (Nielsen, 2002) at Eurofins Steins Laboratory (Holstebro, Denmark). The ELISA readings were recorded as corrected optical densities, and the cutoff used for classifying an animal as antibody positive was corrected optical densities >0.3, as used in the Danish control program. Sensitivity and specificity of the ELISA varies with age because of the chronic nature of the infection (Nielsen and Toft, 2006) ; therefore, age was included as a covariate in the statistical analyses.
Statistical Methods
Descriptive Statistics. The proportion of responders was calculated as the number of farm managers returning the questionnaire among all participants in the control program on March 1, 2007. The animals belonging to farms responding to the questionnaire constituted the study population. A nonrespondent analysis was conducted describing herd size, Herd gSCC, and Herd gBC for responders, nonresponders, and herds not in the control program. Differences between populations were evaluated by pair-wise comparisons with the Mann-Whitney test by using the PROC NPAR1WAY in SAS version 9.1 (SAS Institute, Cary, NC). In addition to the nonrespondent analysis, the distribution of antibody-positive animals in each of the colostrum and milk groups as well as in 5 age groups was calculated.
Multilevel Logistic Regression. Multilevel logistic regression was carried out by using the following model:
where P E ijk ( ) + is the probability that the dichotomized ELISA result was positive; U 0 is the baseline probability of testing positive in ELISA; C i is the effect of the ith colostrum source (1 = colostrum from the dam of the calf only; 2 = partly colostrum from the dam of the calf, partly pooled colostrum; 3 = pooled colostrum only); M j is the effect of the jth milk source (1 = milk replacer; 2 = bulk tank milk; 3 = pooled milk from cows with high SCC; 4 = bulk tank milk if insufficient milk from cows with high SCC; 5 = calves were suckling milk from foster cows); A k is the effect of the kth age group (1 = <3 yr; 2 = 3 to 4 yr; 3 = 4 to 5 yr; 4 = 5 to 6 yr; 5 = >6 yr of age); and ν 0h is the random intercept for herd h with compound structure covariance.
Results were deemed significant if P < 0.05, and model terms were excluded if they were nonsignificant. The random-effects multilevel logistic regression model was analyzed by using PROC GLIMMIX in SAS version 9.1, and odds ratios (OR) and 95% confidence intervals were calculated for comparison of the different groups.
reSuLtS
Respondent and Nonrespondent Analysis
Questionnaires were received from 808 (77%) of the 1,050 herds enrolled in the Danish paratuberculosis control program. Of these 808 herds, 9 had been vaccinated during the study period. All animals born during the vaccination periods were excluded. Distributions of Herd gSCC and Herd gBC of the bulk tank milk samples, and herd size of responders, nonresponders, and nonparticipating Danish dairy herds are given in Table  1 . No significant differences were seen in Herd gSCC and Herd gBC between responders and nonresponders. The statistical analysis indicated that the herd size for responders (median = 130) was significantly smaller than that for nonresponders (median = 141). However, this difference was probably not biologically important. Compared with herds not participating in the control program, the Herd gSCC and Herd gBC were significantly lower (P < 0.001) among responders. Nevertheless, the medians appeared biologically similar (Herd gSCC: 226,571 for responders and 244,153 for nonparticipants; Herd gBC: 5,780 for responders and 6,578 for nonparticipants). The median herd size among responders (130 cows) was almost one-third larger than the median herd size among nonparticipants (99 cows; P < 0.001).
Descriptive Results
Information on MAP antibody ELISA and sources of colostrum and milk were available for 93,994 cows. Cross-tabulations of ELISA results with source of colostrum, source of milk, and age at testing are given in Table 2 .
Multilevel Logistic Regression
Pearson's chi-square fit statistics suggested a reasonable fit of the model and results of multilevel logistic regression are given in Table 3 . Interaction between source of milk and source of colostrum was not significant. Age group (P < 0.001), source of milk (P = 0.012), and source of colostrum (P = 0.005) were significant overall. However, compared with milk replacer, only feeding milk from a combination of cows with high SCC and bulk tank milk, compared with feeding milk replacer and housing calves with foster cows, gave significantly greater OR. Pooling colostrum gave a greater OR of ELISA positivity than using colostrum from the dam of the calf. All OR were low (≤1.25), except for calves left with foster cows (OR = 2.0 compared with feeding milk replacer; Table 3 ).
DISCuSSIOn
Feeding colostrum and milk from MAP-infected cows has been suspected as being a risk factor for MAP transmission (Sweeney, 1996) , particularly if milk is used from cows in the final stages of infection, because MAP can be excreted in milk (Sweeney et al., 1992) . However, the importance of colostrum and milk for feeding of calves in transmission of MAP in the general dairy population has not been described previously. We demonstrated that there is an increased probability of testing positive with an antibody test when colostrum from multiple cows is used, as well as when pooled milk from cows with high SCC counts is combined with feeding of bulk tank milk. A likely explanation is that pool- 1 OR = odds ratio; CI = confidence interval. 2 P-value = the probability that the odds of being ELISA positive are different from the reference group.
ing of milk will increase the probability that colostrum or milk containing infective concentrations of MAP is fed to susceptible calves. All milk sources yielded OR >1, but were either nonsignificant or only borderline significant, except when the source of milk was foster cows, which was significant. The results suggest that milk from MAP-infected cows is a risk factor, but the impact of milk feeding is minor. Had milk been an important risk factor, a larger effect on the OR would have been reflected in our large data set. The finding that animals that had suckled a foster cow during calfhood had a very high risk of testing ELISA positive compared with calves fed milk replacer indirectly supports the conclusion that milk was not an important risk factor. Calves kept with a MAP-infected foster cow would be at risk not only from the milk feeding, but also from staying for a long time in the environment of this cow and from suckling on teats contaminated with feces. Therefore, a mixed effect of transmission via milk and feces would be expected in this group of animals. Considering the much greater OR obtained from staying with only one or a few cows of unknown MAP infection status, compared with a random calf fed milk replacer and subjected to other risk factors, exposure to the environment of the cows is apparently a much greater risk factor than being fed the milk itself. However, milk contaminated with feces containing MAP should also be considered part of this environmental risk.
The major strengths of our study were the large sample size and the retrospective data. A large sample size may increase the risk of finding statistically significant results where biological significance is vague. Therefore, the statistical significance found should be interpreted in conjunction with the size of the OR. Drawbacks include differences in the study population compared with the remaining Danish dairy cattle population as described in the respondent and nonrespondent analysis; use of ELISA, which is not a perfect test for detection of MAP-infected animals; and use of questionnaire data. Lack of representativeness of the study population, as suggested by the nonrespondent analysis, does not cause major concern, particularly because the number of herds and animals included was large. Increasing the sensitivity of ELISA by reducing the cutoff resulted in a slightly increased OR for calves kept with foster cows, but not for the other OR estimates or the significance of the results (data not shown). Misclassification error by the ELISA was therefore deemed to have only a vague effect on the estimates. Recall bias of the farmers could have influenced the results because they were asked to remember how they fed their calves up to 8 yr earlier. Therefore, the questionnaire was kept very short and addressed primarily questions regarding milk and colostrum feeding. However, on many farms, colostrum-and milk-feeding routines are not changed frequently, and recall bias was not considered a major concern. Should there be an effect of recall bias, it is likely that it would effect the size of the standard errors and thereby the lack of significance of some of the nonsignificant groups. The main potential confounder, namely, the risk via feces from cows, especially around calving, was not assessed. Although recall bias regarding milk feeding was considered to be low, we were concerned that we would be unable to obtain precise information about management regarding calving, because management practices often differ from one calving to another, and often also over years. Therefore, the estimates presented may be confounded, but estimation of the potential confounding was not possible.
We did not include the option "Use of colostrum from only one cow other than the dam" in the questionnaire. During the study period, this practice was not common; however, since the beginning of the Danish control program, it has become more so, for example, as part of the use of colostrum banks. If colostrum from banks is used for colostrum feeding, it would be considered important if the colostrum is from one or more cows, because the risk that a batch of colostrum contains MAP will increase with the number of contributors. Therefore, the results from this study would be applicable also to situations in which colostrum from one cow to one calf is used, and not only from the dam to the calf of that dam.
To summarize, pooling of milk and pooling of colostrum appear be risk factors for transmission of MAP, but their effects are small. Milk and colostrum from cows shedding high bacterial counts or in the clinical stage of infection should still not be used for calf feeding, but it may seem reasonable to relax management procedures aimed at reducing transmission via milk if the efforts are instead directed toward avoiding transmission around calving and in situations in which calves are being exposed to manure from cows. We strongly recommend that colostrum is fed only from a dam to her own calf or calves, or from one cow to one calf, and that pooling of colostrum be avoided.
COnCLuSIOnS
Results from this study demonstrate that the source of milk and colostrum can be risk factors in the development of antibodies to MAP, which are indicators of MAP infection; however, they probably play only a minor role in the transmission within the dairy herds. Colostrum from the dam of the calf resulted in a reduced risk of MAP infection compared with colostrum from multiple cows. Milk from other sources, excluding milk replacer, resulted in slightly greater odds of being MAP infected than did feeding of milk replacer, but the effects were generally small. Calves kept with foster cows had the greatest risk of becoming MAP infected. 
